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13 TeV 13- 14 TeV 14 TeV
Diodes Consolidation energy
splice consolidation cryolimit LIU Installation &
7 TeV & button collimators iﬂ'!y;acﬁon i HL :‘l'Hf 5to 7.5 x nominal Lumi
R2E project regions 11 T dipole coll. nstallation
'ﬂ Civil Eng. P1-P5
2011 2012 2013 2016 ‘ 2017 2018 . 2019 2023 ’ 2024 2027 II"I“
ATLAS - CMS "
radiation
experiment upgrade phase 1 damage ATLAS - CMS
beam pipes . , HL upgrade
nominal Lumi w ALICE - LHCb : 2 x nominal Lumi .

75% nominal Lumi / upgrade
P integrated JRIVIIE M

HL-LHC TECHNICAL EQUIPMENT:

DESIGN STUDY - PROTOTYPES CONSTRUCTION INSTALLATION & COMM.“” PHYSICS
. HL-LHC CIVIL ENGINEERING: . f
: DEFINITION EXCAVATION / BUILDINGS :
Higgs now HL-LHC physics
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Recorded Luminosity [pb0.1]

RIMR H 23

2015: <u> =134
2016: <u> = 25.1
2017: <u>=37.8
2018: <u>=37.0
Total: <u>=34.2

u B R R R T A N R R
- ATLAS Online, 13 TeV det=148.5 fb™
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VI Mean Number of Interactions per Crossing

AV WA

EXPERIMENT

HL-LHC tt event in ATLAS ITK
at <p>=200

u=200 @HL-LHC

v 28 TDpileup® T IT 5
ST RN TERERIDE AIRERSID Y AT Ly
=channelt 1 X% /N & < strip:12cm=>2.4cm/4.8cm

=pilT ) O Rt
TCHoU FEik B < ﬁZOZO/LtillH 30H



ATLASAERFREMEHHESE  1DD HITKA

(R = 1082 mm
73layers

SCT 4

R=1225mm
Pixels ¢ R = 88.5 mm
R =50.5mm

R= Omml

Gas tracker 1400514 ?t:-‘::”:wlaﬂon
ift ti = ~ Inclin uals
Drift time~45ns/r=2mm 1200 o

Q collection~100ns

R [mm]

1000 _
R Strip ' 1S=4.8cmx74.5um n=20 -
= §5=2.4cmx75.5um 1 1
f n=3.0
—waeeerrve s e o T TN NN O TR B SR 1
SCli e L ok 220
Pixel M“”'r\.\.“i}l'_'—l' ,.l R D PR L 1 n=4.
e =50x50um 05 500 1000 1500 2000 2500 3000 3500
z [mm])

silicon
Q collection~20ns

Current Inner Detector ID = HL-LHC Inner Tracker ITk
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R [mm]

Nreco lerue

Expected performance
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- ATLAS Simulation, ITk Inclined
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Track Reconstruction Efficiency
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500V max allowed « 6

. g i = —— HV setting =
300 HV onsensor oo N R . - -
ATLAS Strl p DEtECtor = = ——— Full depletion voltage (model) F —
200 i o i B Tt i f _________________________________________________________________
- Hybrid with ASICs 100 Eofrnfrn e = =
Si strip sensors g : TS gt P M =
\ §4°°°; | | | | | | | =
= 3500 E— ~— Hamburg model Barrel 3 1‘| o RS
SCT S 30001 Sheffield-Harper model - Performance evaluation by
S 2500 e HV
” =l i CHlinen et R.Wakasa, S.Wada,S Hirose et al.
4 HamamatSU = 2000; ____________________________________________________________________ ] i S ) '§“_
, +_0on- =
o € p*-on-n e ATLAS SCT Pfeliminary
TPG baseboard / r { 1000 = s s e e e T (i il ; N. ..... R ., _'.*.7
with BeO facings 500 f_ e
- . > 0 E-—--—_u"' —M
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2323
ear
Other Examples in LHC Experlments _ _
SCT (after ) $ ITk strip (started R&D in 2005)
+on-n nton- e
PO p'strips P n strips
Undepleted region \V4 —
Hole drif [ | Electron drift
Hole dnft /

Active region

n=p by irradiation e

n layer p layer

Electron drifi

" The robot d|d metrology, pick and

. place of modules and even inserted e S < full depletion required> < partial de |€t|0n pOSSIbIE>
B and tightened the screws! ' e P 9 TCHon 5202011 H30H

6 June 2010 ‘ Yertex 2010, Alan Honma [CERN) ‘



ITk p-type sensor charge collection

1. < partial depletion possible>

2. < large enough charge collection @500V due

Vb=500V . :

_ to collecting fast electrons = less trapping>
-:‘,, G
:-’, Noise™600e = S/N~7000/600 > 11
5 A
(&
g @ A17(CYRIC)
© 10 Y A17(PS)
= A A17(Bham)
S ® Al7(Ljub) Max. fluence after 4000/fb x 1.5

5 ® A12A(p) + $

A A12M(p)
" O Al12A (n)
1014 1015 1015

Fluence (1-MeV n.,/cm
“ ( ed ) All silicon sensors (strip+ pixel) are with p-type silicon

K.Hara et al., Itk strip sensor FDR/HSTD12
TCHoU ¥k BE<5202044£11 H30H



Wafer Iayouts 18SS, 18LS

S ‘/ ~ Y e SIS By ’4\

weTs2 MD[ “( E
|o|u o A fipguiR2 N/

ITk Barrel sensor & module

14 modules both sides ( £ 20mrad)

Capton hybrid glued on sensor top [ ——
ABC130->ABCStar:(256ch)x10/row in stave tare{ L5
* Glue modules directly to mechanical support. | 1B
Stave cross-section: Cubus ‘\)( 8
Kapton flex hybrid Readout ICs 1ape o
s Lo = GRS Nanang: ey
High T conductivity foam Carbon honeycomb i ;4» | T > o L S
* Carbon fibre sandwich, provides rigid,
- lightweight 0 CTE support structure.
ﬂmti"e e 10x10cm on 6” wafer
8 . S \ s All (barrel+endcap) sensors will
5 | ot G R\ NN be fabricated by Hamamatsu

=, S A B N Photonics

TCHoU f#Rk B 520204411 H30H



#ITK strip sensors

# sensors
Barrel Radius  #of # of # of # of # of Area
Layer: [mm] staves modules hybrids of ABCStar channels [m?]
LO 405 28 784 1568 15680 4.01M 7.49
L1 562 40 1120 2240 22400 5.73M 10.7
L2 762 56 1568 1568 15680 4.01IM 14.98
L3 1000 72 2016 2016 20160 5.16M 19.26
Total half barrel 196 5488 7392 73920 18.92M 5243
Total barrel 392 10976 14784 147840 37.85M  104.86
End-cap z-pos.  #of # of # of # of # of Area
Disk: [mm] petals modules hybrids of ABCStar channels [m?]
DO 1512 32 576 832 6336 1.62M 5.03
D1 1702 32 576 832 6336 1.62M 5.03
D2 1952 32 576 832 6336 1.62M 5.03
D3 2252 32 576 832 6336 1.62M 5.03
D4 2602 32 576 832 6336 1.62M 5.03
D5 3000 32 576 832 6336 1.62M 5.03
Total one EC 192 3456 4992 43008 11.01IM 302
Total ECs 384 6912 9984 86016 22.02M 60.4
Total 776 17888 24768 233856 59.87M  165.25

E 1400-ATLAS Simulation Preliminary ,

E " Inclined Duals ]

12001 n=10 E

%1000 =

_ i / =20

—* 800 - :

> 0= ' | E
— 400 ] n=3.0

- vt Lt ]

00—l i e T b a0

—o-fq_:.::.'ll_ﬁ_]'_l;ﬂ.llj-:_ll [P I R S ey |

aaaaa |. L4 4 | = . | | o 2 | :
2500 3000 3500
z [mm]

% 500 1000 1500 2000

Short strips (2.4cm)

Long strips (4.8cm) x 74.5um

Japan: % of barrel sensors fabrication, QC+QA
=Module

=Stave

=Module
— Petal

TCHoU f#Rk B 520204411 H30H



Pre- and Series-Production Schedule

[ Estimated delay

Pre-COVID19 schedule

10

Year 2020 2021 2022 2023 2024 TOTAL
Quarter Q1'20 | Q2'20 Q3'20 |Q4'20 Q1'21 Q2'21 Q3'21 Q4'21]Q1'22 Q2'22 Q3'22 Q4'221Q1'23 Q2'23 Q3'23 Q4'23]|Q1'24 Q2'24 |PRE+SERIES
Month 1 2 3 4 5 7 8 9
Short Barrel S15568-01 160 40 40 78 4718
- CERN (confirmed) 20 139
- KEK (confimed) 159
Long Barrel S15568-02 160 40 40 78 8618
- CERN (confirmed) 17 4 138 6 mpnths break
- KEK (confimed) 159
Ring0 S15568-03 22 11 12 945
- CERN (confirmed) 7 20 18
Ring 1 S15568-04 22 11 12 945
- CERN (confirmed) 8 20 17
Ring2 S15568-05 22 11 12 945
- CERN (confirmed) 5 40
Ring 3 S15568-06 45 22 23 1890
- CERN (confirmed) 5 25 60
Ring 5 S15568-07 45 22 23 1890
- CERN (confirmed) 5 15 45 25
Ring 6 S15568-08 45 22 23 1890
- CERN (confirmed) 5 25 35 25
TOTAL sensors 521 179 185 156 0 0 0 0| 1450] 1450 1450 1450 1450| 1450 1450 1450 1450 1450 1450 1450 1450] 1450 500 21841
Pre-production PRR (Series-)production (~3.8 yrs)
Mid Nov End Jan
Schedule revised(?) | 2months | 4 months |
Qualification .
approvals; 1%t part of testing 2"d part of testing tepsrfi:u?;:rr’;s
scheduling PRR g
TCHoU % B+:52020F11 30 H

¢ >1/3 of volume

e 1-2 weeks

e < 2/3 of volume

e 3.8 year process




starting

~B588383
Sensor QC&QA ATLAS X ITk

S CSifcstion i

. Cambridge Going on
QC: main sensor test )
aQmMuL Going on
KEK/Tsukuba  Going on OK OK x  QCin collaboration
with HPK
SCIPP Going on Only long-term tests
Vancouver X
i cluster
Y P Carleton Going on
el \ Prague Complete? OK X
QA: test chips Birmingham OK OK X
Ljubljana OK oK
Irradiations: Toronto OK X
Tohoku U. CYRIC 70MeV protons Valencia 0K
Birmingham 28MeV protons
CNM X

Ljubljana Reactor neutrons
Prague Co-60 gammas TCHoU ik & 4:520204£11 H30H
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Strip sensors: QC items

On every sensor at HPK

 Human&Machine visual inspection/capture |v/
* |V, CV, Metrology/surface profile Auto focus microscope|v

Gem Frac. |AAS  |Wkjapan

IV/CV
Image
Warp
| stab
Full strip
Cint....
Bias tab

Japanese order
(~6000 sensors):

100% 10V/10s;45+10-40%RH 20V/s;<60% (slow r.r. =10% 1N in time)
100% 2um/pixel precision 2um/pixel precision
100% 11x11=3x3 11x11 (1um precision)
2-5% 24hrs none UCSC
2-5% Ccpl, Rbias Use HPK scan data
Oh sampling (2-5%) (Test with test sensor/structure)
100% none UCSC

/ Module sites
QC ‘ Yo m—) in US/Canada
QA chips ‘ CERN [ KEK/Tsukuba

TCHoU Rk BE<:5520204£11 H30H
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Setup @ HPK CR

Wafer Loader

AR SHOWER

HPK wafer carrier

WL controller

(vacuum holes,< nt ?@
Image capture/warp Meas. s 30H
W VSR s o



_ 5. NIKON D5600

- . ( s 3 E"
AR SHOWER , w -

‘““""Loader - = | & gl
Chuck T ; ' ; . ’ | Ao

gl ) Auto Focus

e Chuo-Seiki
| AF-WES2

cassette | .
II  Mitutoyo

-

358\ Plan Apo

14
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Lens aberration issue of x2 lens

Top left of view area

Top Middle of view area

Shadow Shadow
@bottom right @bottom

11.7mm (6000pix)
A e — S = I

7.8mm (4000pix)

AN

=> Allow more overlaps to use the central part of the pictures TCHoU FRR R a#20205:11 H30H



Height Measurement: Metrology

* Scanning over sensor with auto-focus adjusting. (tracking mode)

* Measurement precision is ideally 0.9um.

zdef

" 1 s
~SS

number of wafer
t
[

(=]
[=]
I|IIIIIII

—=

iyt

ID_—
S
203040 IR 5 P [ v PR T I
40‘30'20'10 0 105'\\'\0\'\ X (mm) K “ v v I
Online monitor with ROOT histogram Maximum bow for all pre-

production sensors:
Spec: <200 um

Measurements of pre-production sensors (>320 sensors) finished in March

16

Large contrast requires fine auto-
focusing adjustment = solved

9A

o hla gy
288.284s

|§
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ATLAS X ITk

Strip QA

Test chip (TC)

3 half moon’s per batch (~50) —

MDS8
(8 X 8 mm2@ mini diode)

v veied

— -
I—.l.-llllllllll

H IV. CV
PTPEENRIE

s

| BEERL
Vi RE............

? WP ﬁ)j - 5B

Mini sensor
(1 X1 cm?)

CCEH

%'.'.'lll"'.l.l..'.-'f

e
BRILRES

TCHoU f#Rk B 520204411 H30H
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Stnp QA . CCE minl Alibava mother -
Alibava daughter b. (FA) 1.0 cm l
o] |
< >
Z 2.5 cm

Spectrum with Time cut [38 , 52]

[Entries 15360 |

" Nonirrad Pre-production mini’s
E on-irra . .
£ * non-irradiated
Two n-irrad samples delivered for site qual. =f e 1.6x10% n/cm? irradiated
‘:i_ | 11 It 1 o)
5 25 N o o 0 e 5 25000 , , , ,
" - Spectrum with Time cut [38 , 52] = -
g B Sttt e, R o Eniries 75360 %, 5 @ o 8 o o
g [ ‘ "E S onal 8
5 . wf- 5 20000/ —
I £ L o
= L e . . ol : - 5
° 5L e qualification = . 5 : :
I !t o - T
- ScaEn 4z'/t=/\(2 019) ...i" o e e 10000 — S U — — —
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10~ et ok R T |
B * a0 N : | o e
R ca® [ nonimad E sooor o
B L s 1.6e15(W62-7) oo - s
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QA: test system
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Summary of TC&MD8 measurements

Proton irradiated

— U m

Site qualification

NA 7 ZRIEHT(20°C)  1.5£0.5MQ  1.456MQ 1.555MQ
(-20°C) 1.729MQ 1.836MQ 1.794MQ
AMUy THBEE <1pF/cm  0.814pF/cm 0.974pF/cm 0.891pF/cm | 0.876pF/cm
2~y TREEST >15MQ IZITHEB  120MQ@5V  27MQ@5V 0.57GQ
PTP{EENEE T (<100V) 13V(20°C) 26.4V 25.4V 15.8V
FE A E@1kHz >20pF/cm 20.5pF/cm  22.7pF/cm  22.1pF/cm | 23.21pF/cm
N EHRE none 655nm - . 650nm
BRIVIEY — 7 &R <10nA@100V  <0.4nA <0.4nA <0.4nA 0.278nA
S (LBE <350V 300V 235.6V

) — 7 & 7R@500V

<100nA/cm? 10nA/cm? 10uA/cm? 12nA/cm?2 11nA/cm?2

Co-60

660 kGy

2.195MQ
0.952pF/cm
6.96MQ
9.1V
23.46pF/cm
659nm
0.162nA
238.2V
6.2nA/cm?

Irradiated (un-irradiated) samples are measured at -20°C (20°C)
Requirements mostly apply for non-irradiated samples

20
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Conclusions

ATLAS-Japan (Tsukuba/KEK) is responsible for ¥: of ATLAS ITk Barrel strip sensors

Pre-production (5% of total) of strip sensors is finished — under evaluation for PRR

QC site qualification is under way

- cross checks with other sites are under way
QA-CCE: site qualified
QA-TC&MDS; site qualification under way

Production should start 2021 Q2 and will continue for 3.8 years

TCHoU Rk BE<:5520204£11 H30H



